Previous studies of properties of metabolic works have mainly focused on the statistic properties of networks, including the small world, and power-law distribution of node degree, and building block of network motifs. Symmetry in the metabolic networks has not been systematically investigated. In this report, symmetry in directed graph was introduced and an algorithm to calculate symmetry in directed and disconnected graphs was developed. We calculated several indices to measure the degree of symmetry and compared them with random networks. We showed that metabolic networks in KEGG and BioCyc databases are generally symmetric and in particular locally symmetric. We found that symmetry in metabolic networks is distinctly higher than that in random networks. We obtained all the orbits in networks which are defined as structurally equivalent nodes and found that compound pairs in the same orbit show much more similarity in chemical structures and function than random compound pairs in network, which suggests that symmetry in the metabolic network can generate the functional redundancy, increase the robustness and play an important role in network structure, function and evolution.
Introduction
Metabolic networks are composed of consecutive chemical reactions to produce energy and various molecules. (Jeong et al., 2000) , Mat and Zeng (Ma and Zeng, 2003) calculated the average path length of the metabolic networks and concluded that metabolic network belongs to small-world network. The small-world characteristic implies that information and energy can be rapidly transferred to the whole network and the cell can response quickly to perturbation of environments. Jeong (Jeong et al., 2000) also calculated the degree distribution and concluded that metabolic network follows the power-law distribution with exponential index . However, the small-world property is still disputing (Arita, 2004) . R. Milo (Milo et al., 2002) introduced the concept of 'network motifs' and developed algorithms for their identification. Young-Ho Eom (Eom et al., 2006) applied the concept of network motifs to metabolic network and identified the network motifs and the statistically significant subgraph patterns as well. Ravasz (Clauset, Moore and Newman, 2008; Guimera and Nunes Amaral, 2005; Ravasz et al., 2002) proposed the hierarchical-modular model according to the characteristics of metabolic network. They calculated the average clustering coefficient for 43 different organisms as a function of the number of distinct substrates present in their metabolism. They found that, for all 43 organisms, the average clustering coefficient is about an order of magnitude larger than expected for a scale-free network of similar size.
However, symmetry, a universal property of real networks, has been rarely studied for metabolic network. Symmetry characterizes the invariance under possible transformations and implies conservation laws of nature (Hatcher, 2002; MacArthur, 2008; MacArthur and Anderson, 2006) . Symmetry provides redundancy and robustness against perturbation of environments. There is increasing recognition that the universal evolution is caused by symmetry break, generating diversity and increasing complexity and energy (Mainzer, 2005; Quack, 2003) . Symmetry break is often followed by addition of functional modules that usually show local symmetry, increasing network robustness (Felder et al., 2001 ). Until recently, after the concept of symmetry based on the automorphism has been utilized to explore real networks, quantitative methods for investigation network symmetry have been developed. MacArthur (MacArthur, 2008 ; MacArthur and Anderson, 2006) first found that large real networks are quite symmetric and such symmetry in real networks can be attributed to the local symmetry which is hidden in local substructures. Xiao (Xiao et al., 2008b; Xiao et al., 2008c ) then proposed a principle referred to as "similar linkage pattern", which means that nodes with similar properties such as degree tend to have similar linkage targets, to explain the emergence of symmetry. In Ref. [19] , symmetry is exploited to characterize the structural heterogeneity of complex networks. Symmetry in real networks has been further used to characterize the simplicity hidden in networks and consequently has been utilized to simplify the network while reserving many key properties of original networks, such as complexity and communication (Xiao et al., 2008a) .
To date, symmetry in metabolic networks and the relations between the structural symmetry and function of the network have rarely been investigated. It is still unknown whether symmetry exits in metabolic networks. If it does, the existence of such symmetry also begs a biological explanation. Purposes of this report are (1) to examine the symmetry of the metabolic networks, (2) to measure the abundance of the symmetry in metabolic networks, (3) to obtain the orbits (structurally equivalent nodes) through restricted network quotient and (4) to explore biological implication of the symmetry of the metabolic networks. To accomplish this, we first reconstruct metabolic networks for 705 organisms in KEGG and 373 in BioCyc databases. Then, we study the influence of connectivity of the reconstructed networks on the symmetry of metabolic networks. Previous works about symmetry in the general networks have focused on undirected graphs. However, the metabolic networks are usually handled as directed graphs. Hence, it's necessary to explore symmetry in directed graphs and develope algorithms to find symmetry in the directed and disconnected networks. Based on these results, we then systematically investigate the properties of symmetry in metabolic networks, including the degree of symmetry, restricted network quotient. To explore functional implications of the structural symmetry of metabolic networks, we test the chemical structure similarity of the symmetric compounds in metabolic networks of 705 organisms which allow us to reveal the relationships between the network symmetry and its function. KEGG is a collection of simplified metabolic networks which are manually drawn pathway maps representing knowledge on reactions, while currency metabolites such as H 2 Oand ATP are not included. Xml files of all metabolic pathways for 705 organisms were downloaded from KEGG FTP. We reconstructed the metabolic networks according to the reactions data extracted from the xml files and visualized the network by Pajek (Batagelj and Mrvar, 2003) . According to KEGG metabolic functions classification, we integrated single pathways into functional modules. Finally we integrated 11 functional modules into a whole metabolic network. See Figure 1 The BioCyc collection of Pathway/Genome Databases (DBs) provides electronic reference sources on the pathways and genomes of different organisms. We collected metabolic pathways of 373 organisms, extracted the reaction data of each organism and integrated the reactions to a network for each organism. Direction of reactions is not given in BioCyc database but currency metabolites are included in. So we finally got 373 undirected graphs including currency metabolites from BioCyc. We first analyze symmetry of KEGG networks and replicate our experiment for BioCyc networks to validate whether our conclusions are ubiquitous in metabolic networks. See additional files 1 for organisms and pathways in KEGG and BioCyc.
The Connectivity of Metabolic Networks
For the integrated networks of 705 organisms in KEGG, the number of the connected subgraphs (NCS) varies from 1 to 271. Only 5 networks (0.7%) contain less than 10 connected subgraphs. The maximum connected subgraph (MCS) contains 7.8%-100% nodes of the whole network. The proportion of MCS, which is defined as the ratio of the number of the nodes in MCS over the total number of nodes in the network, in 99.6% and 56% of the constructed metabolic networks is less than 80% and 60%, respectively. So we can conclude that the connectivity of metabolic is quite low. We introduced normalized entropy based on the connected subgraph (NECS) to measure the degrees of the connectivity of the network (See Materials and Methods). The larger NECS, the less the network connected. NECS value of the metabolic networks ranges from 0 to 0.778064 with the mean value 0.410917.
For the integrated networks of 373 organisms in BioCyc, the number of the connected subgraphs (NCS) varies from 2 to 76, which is distinctly less than that in KEGG. The maximum connected subgraph (MCS) contains 92.1%-99.3% nodes of the whole network, definitely larger than that in KEGG. NECS value of the metabolic networks ranges from 0.007 to 0.075 with the mean value 0.0347128. As the currency metabolites were included in BioCyc , the connectivity of metabolic network is significantly increased.
To gain deeper understanding of the connectivity in metabolic networks, we compared it with the random networks. For each real graph, we generate 100 randomized networks by rewiring the local edges (Maslov, Sneppen and Zaliznyak, 2004 ). Then we compute the MCS, NCS and NECS for every network and summarize the mean and variance over the 100 randomized networks. From the error bar in Figure  2 , we can see clearly that: most of the NCS in real metabolic network is larger than that in random network (89.8%); most of the MCS in real metabolic network is lower than that in random network (96.9%); NECS in real network is obviously larger than the corresponding random network (96.9%). We also compared the connectivity of BioCyc network with their random networks using the same method. In spite of relatively larger connectivity compared with that in KEGG, the connectivity in BioCyc metabolic network is still smaller than that in random networks. The results are shown in Supplementary Figure 1 . The results of NCS, MCS and NECS value for 705 real networks and their corresponding randomized networks for both KEGG and BioCyc networks were shown in additional data file 2. The results above imply that the connectivity in metabolic network is rather small. Consequently connectivity has to be taken into account when exploring the network reduction of metabolic networks.
Symmetry in Metabolic Networks
Given a metabolic network G(N,E), a one-to-one mapping, or bijective mapping, from N onto itself is called a permutation on N. on N, some permutations can preserve the adjacency of the nodes and these permutations are called automorphisms acting on the node set. The set of automorphisms under the product of permutations forms a group: Aut(G) (Tinhofer and Klin, 1999) .Two nodes x and y are automorphically equivalent to each other if there is an automorphism that transforms node x to node y. In the context without confusion, such equivalence relation of nodes is also called structural equivalence. A set of structurally equivalent nodes is defined as an orbit of Aut(G). According to such equivalent relation on node set, we can get a partition P={N 1 ,N 2 ,…N m }, called as automorphism partition, which is composed of orbit sets N 1 ,N 2 ,…N m . An orbit is non-trivial when it contains more than one node, otherwise it's trivial. A network is called symmetric if we can find at least one non-trivial orbit in this network, otherwise the network is asymmetric. The quotient graph of an undirected graph is defined as a reduced graph which has every orbit (structurally equivalent nodes) as its new node and adds an edge to connect two nodes if there is at least one edge from any one node in the orbit to any one node in another orbit. The quotient graph of a directed graph is similar to that of undirected graph except that the direction of the arcs is preserved in the quotient of directed graph.
Consider the undirected graph G 0 in Figure 3 The five orbits of G 0 are reduced to five nodes in G 1 , and as long as there is an arc from one orbit to another orbit in G 0 , there is an arc from one corresponding node to another corresponding node in G 1 (shown in Figure 3(B) ). Please note that in the directed graph G 0 in Figure 3(B) , the edges between orbits N 1 and N 2 and that between N 2 and N 3 are both bidirectional, which determines that the edge between corresponding nodes in G 1 are bidirectional. Because the direction of arc <7, 4> is different from that of <4, 5> and <4, 6>, nodes 5 and 6 belong to the fourth orbit while node 7 belongs to the fifth orbit.
Consider Figure1 (A) where we take the Drosophila melanogaster's Cofactors and Vitamins metabolism module as a real example. There are 100 nodes and 96 arcs in this module. The NCS(number of connected subgraph) is 25, which implies the connectivity of this network is very small. There are 12 non-trivial orbits in the network, each of which is marked in green ellipse.
To measure the degree of the symmetry of metabolic networks, we calculate :the size of Aut(G), : the relative degree of network symmetry of 705 metabolic networks 1 . reflects the absolute symmetry degree of network directly. is used to measure the symmetry of networks with different sizes. Generally, the larger and is, the more symmetric the network is. Among all the tested metabolic networks, 99.3% of them have larger than 10 10 and 82.3% of them have larger than 10 100 , which implies that most of metabolic networks are far away from asymmetric network. Hence, generally metabolic networks can be characterized as symmetric networks. Statistics of shows that 98.7% of the metabolic network has smaller than 0.1 and 83.3% of the metabolic network has smaller than 0.01, which suggests that relative symmetry degree of metabolic network is quite low compared to the maximal symmetry degree of networks with equivalent number of nodes.
We also summarize : the degree of global symmetry for the networks. For some networks, there is some of automorphisms moving all the nodes or most of nodes. The action of such automorphism on node set will have global influence on the structure of the graph. However, for some other networks, all the automorphisms only move a small part of vertices or only action on the local subgraph of the network. Hence, when studying symmetry of networks, it's necessary to characterize the degree of global symmetry or local symmetry of the network. Generally, the larger is, the more globally symmetric the network is. Among all the tested metabolic networks, 98.6% of which has smaller than 0.1 and 72.8% has between 0.05-0.01, which suggest that metabolic network is very local symmetric.
To validate our conclusion, we replicate our experiment using BioCyc datasets. Among all the tested metabolic networks, 97.6% of them have larger than 10 10 and only one network (metaCyc) has larger than 10 To further investigate the symmetry of metabolic network, we compared three indices and of metabolic network with corresponding randomized networks. For each real metabolic networks for703 organisms, we generated 100 randomized networks with the same number of nodes and edges as the real network following Erdos-Renyi random graph model (Erdos and Renyi, 1960) 2
Again, we replicated our study in BioCyc metabolic networks. We found that in spite of relatively less symmetry compared with KEGG, the symmetry in BioCyc network is still substantially larger than that in random networks, suggesting that metabolic network is far away from asymmetric network. The comparisons of between real network in BioCyc and random networks are shown in Supplementary Figure 2 . Please see additional data file 4 for the results of value for randomized networks in both KEGG and BioCyc.
Comparison of the Cconnectivity and Symmetry of Metabolic Networks between KEGG and BioCyc Datasets
In 
However, for both datasets, we clearly found that symmetry in real networks is obviously larger than that in randomized networks. No matter which metabolic network reconstruction methods were used, we came to the same conclusion that the symmetry of metabolic network, specifically, local symmetry, does exist.
Inferring Functional Equivalence from Structural Equivalence
We calculated the automorphism group (See material and methods for its definition) and obtained the orbits (structurally equivalent nodes) considering the connectivity and direction constraints for the reconstructed metabolic networks of all 705 organisms in KEGG. Since nodes in the same orbit are structurally equivalent to each other, it motivates us to further explore whether structurally equivalent nodes are functional equivalent. To accomplish this, we first generated two datasets which consist of similarity scores (See Materials and Methods for definition of similarity score). One dataset is referred to as orbit dataset. For each orbit in the metabolic network we calculated similarity scores for all pairs of compounds in the orbit and averaged them as the similarity score of the orbit. All similarity scores of the orbits in the networks of 705 organisms in KEGG were collected to form the orbit dataset where the replicated orbits were just calculated once. Another dataset which is referred to as random dataset was generated by collections of similarity scores of all pairs of compounds in the metabolic modules of all 705 organisms in KEGG. We used t statistics and The results were shown in Table 2 , from which we can see that in all pathway/modules, the compounds in the orbit showed significant evidence of similarity in compound chemical structures, which implied that the structurally equivalent nodes in metabolic networks are similar in their chemical structure. The compounds with similar chemical structure will have similar functions and play similar roles in biochemical reactions (Gutteridge, Kanehisa and Goto, 2007) . In Table  3 , we listed the values of similarity of the compounds in all the orbits in Glycolysis/Gluconeogenesis and TCA cycle pathways. In Glycolysis/Gluconeogenesis pathway, 92.7% of orbits' similarity is larger than 0.5, while in TCA cycle pathways 55% of orbits' similarity is larger than 0.5. To gain further understanding of the nature of similarity among the compounds in the orbit, we presented the results of Glycolysis/Gluconeogenesis pathway and TCA cycle pathway.
(1) The orbit [C00668, C01172] in Glycolysis/Gluconeogenesis pathway. Table 3 . C01172 is an isomer of C0066, so their chemical structures are identical. We examined the pathways which two compounds C00668 and C01172 participate in and the enzymes catalyzing the biochemical reactions of these two compounds. We found that they shared most of the pathways and enzymes (some enzymes are the same; some enzymes are in the same category, like 3.2.1.86 and 3.2.1.26). Interested readers please see Table 4 for details.
It included C00668 (alpha-D-Glucose 6-phosphate) and C01172 (beta-D-Glucose 6-phosphate). Their chemical structures were shown in

(2) The orbit [C00158, C00311, C00417] in TCA cycle pathway.
Their names, chemical structures, pathways which they participate in and enzymes they were catalyzed by were shown in Table 5 . The compound C00311 (Isocitrate) is the isomer of the compound C00158 (Citrate). C00417 (cisAconitate) is the product of dehydrolysis from C00158 and C00311. In TCA cycle, the three reactions among these three compounds are catalyzed by the same enzyme EC4.2. Table 5 we can see clearly that three compounds C00158, C00311 and C00417 participated in the same pathways and were catalyzed by same enzymes in most cases.
Since metabolic function is mainly determined by chemical structure (Gutteridge et al., 2007) , our work showed that structural equivalent nodes in the metabolic networks were more likely to have the same or similar function. To explore symmetry in the metabolic networks, in this report we first introduced the concept of symmetry and developed algorithms to search symmetry in the directed networks. Then we further systematically investigated the symmetry properties of metabolic network, including the degree of symmetry, restricted network quotient. We observed much higher symmetry in metabolic networks which are reconstructed from KEGG and BioCyc datasets than that in random networks. Our preliminary results showed that metabolic networks are generally symmetric and in particular locally symmetric. To explore functional implications of the structural symmetry of metabolic networks, we tested significance of the chemical structure similarity of the compounds in the same orbit of the network. We found that compounds that are structurally equivalent to each other tend to have high similarity in chemical structures and that the structurally equivalent compounds often take part in the activities of the same pathway and are catalyzed by same enzymes. This may suggest that the symmetry in the metabolic network can generate the functional redundancy, and increase the robustness and the ability against attack of external disturbances.
Symmetry may arise from duplications in evolution of metabolic networks. In this report, we have focused on the symmetry of the metabolic networks. Due to the strong correlation between symmetry and duplication (a universe mechanism in biological networks) ( Despite increasing interests in exploring the role of symmetry in evolution of networks, mechanism of evolution of symmetry has not been well investigated. It is worth studying the mechanism of generating symmetry of the networks and the role of structurally equivalent compounds in cell and molecular functions in the future. 
Materials and Methods
Metabolic Network Reconstruction
At present, two major metabolic reconstruction methods are usually used. One method is introduced in Ma and Zeng (Ma and Zeng, 2003) , where "currency" metabolites like H 2 O, ATP, ADP are not included as nodes in network. This simplified metabolic network is biochemically meaningful in calculating path length. KEGG PATHWAY database uses the simplified metabolic network reconstruction method. The xml files of totally 152 metabolic pathways for every organism (705 organisms in total) were downloaded from KEGG FTP(Release date: Dec. 18, 2007) . Reaction data were read from the xml files and represented as directed graph. The direction of each link implies the direction from an input compound (reactant) to an output compound (product) (See Figure 1(a) ). Single pathways are combined to modules according to their metabolic functions, such as Carbohydrate Metabolism, Metabolism of Cofactors and Vitamins. There are 11 modules and each module contains 2-23 pathways. See additional data file 1. We also integrated all the 152 metabolic pathways into a metabolic network for every organism. Another metabolic network reconstruction method includes currency metabolites as nodes in network (Jeong et al., 2000) , which makes metabolic network more connected. The metabolic network reconstruction in BioCyc database is a representative of this method. Totally 373 available Pathway/Genome Databases was downloaded (Release date: Oct. 15, 2008 . Each database in the BioCyc collection describes the genome and metabolic pathways of a single organism, including another independent database AraCyc which has not been combined into BioCyc yet). We processed the tabular flat files of reaction data and combined the reactions into an integrated network for each organism. Direction information was not given in reaction files of BioCyc. So the integrated networks are unidirectional networks.
Connectivity of Metabolic Networks
Since many enzymes have not been found in some organisms yet, the reactions (edges in network) which are catalyzed by these enzymes are absent in the current network. Hence, we expect that the connectivity of metabolic network is quite low compared to corresponding randomized synthetic networks. To verify such conjecture, we use the number of connected subgraphs (NCS) and ratio of size of maximum connected subgraph to the whole network size (MCS) to measure the connectivity of metabolic network. We calculate the number of connected subgraph (NCS) in every single network. Apparently, the larger the NCS is, the lower the connectivity of metabolic network is; the larger MCS is, the more connected the network is. Furthermore, based on these concepts, we can define a new index: entropy based on connected subgraph (ECS) to measure the C00668 C01172 Name alpha-D-Glucose 6-phosphate beta-D-Glucose 6-phosphate , where C is the set of connected subgraphs of the network and p i is the probability that a node belongs to a connected subgraph C j . Given all connected subgraphs C={C 1 
Assessing Symmetry of Complex Networks
The degree of the symmetry of a graph G usually could be quantified by the following formula:
which is the size of the automorphism group of graph G. Generally,
is very large and we usually use In order to compare the symmetry of networks with different sizes, symmetry measure is often used, which is defined as:
where N is the node number of network, measures the symmetry relative to maximal possible automorphism group of a graph with N nodes.
In general, for empirical networks, when network grows its symmetry is often destroyed. As evolution proceeds we rarely find global symmetry in the network, which means we can rarely find automorphisms that transforms most of nodes. In fact, many real networks have been shown to be locally symmetric (MacArthur, 2008) , which means that we can only find automorphisms which transform only small part of nodes in the network. Here, we use to quantify the degree to which graph G is globally symmetric (Xiao Y et To compute the above measures, the well known nauty program (McKay, 1981) , which is one of the most efficient graph isomorphism algorithms available, is used to calculate the size and structure of automorphism groups.
Symmetry in Metabolic Networks
Symmetry in Directed Graph
In most of the previous studies of complex networks, networks are usually pre-processed as their underlying graphs: where weights, directions and self-loops are omitted. However, in the studies of metabolic network, the direction can't be omitted since many reactions are irreversible and the direction determines the reaction rates and the product output. Hence, when exploring symmetry in metabolic networks, we need to investigate symmetry in directed networks first.
In general, a directed network is a pair (N, E) with N representing the node set and E representing the set of ordered pairs of N. The related concepts of symmetry in directed graph is completely the same as that in undirected graphs. The fact that we need to highlight when exploring symmetry in directed networks is that any automorphism in a directed network need to preserve the oriented relation instead of un-oriented relation in undirected graph.
It's trivial to show that if g is an automorphism of a directed graph G, g will also be an automorphism of its underlying graph G'. However the inverse does not necessarily hold true. Hence, if G' is the underlying graph of graph G, we have Aut (G) Aut(G'), which implies that the degree of symmetry of G is smaller than that of G'. Consequently, the automorphism partition of the directed graph is finer 4 than that of its underlying graph.
Restricted Network Quotient
Recall that nodes of a symmetric network can be partitioned into disjoint equivalent classes which are called orbits of the graph according to the automorphic equivalence relation on nodes. Nodes in the same orbit are structurally equivalent and cannot be distinguished from each other (Tinhofer and Klin, 1999) by usual measurement on nodes, such as degree, clustering coefficient. Therefore they can be glued together to create a coarse reduced network, known as the quotient. In Figure 3 , G 1 are quotient networks of G 0 . Since metabolic networks possess a non-trivial automorphism partition they carry a significant amount of redundant information in which more than one node plays 4 Let P and Q be two partitions on the same set X, we say P is finer than Q if any cell in P is a subset of some cell in Q. In most of the previous researches about complex network, only the automorphism group of the largest connected subgraph is exploited. In above sections, we have shown that metabolic networks are more disconnected than other empirical networks. Hence it is necessary to explore the symmetry of metabolic networks with all disconnected subgraphs taken into account.
However, preserving all disconnected subgraphs will pose a challenge to the calculation of quotient of metabolic structure. Please note that when calculating quotient of a graph consisting of two isomorphic disconnected subgraphs, these two subgraphs will be merged into one subgraph under the action of the automorphism group of the graph. Hence, calculation of network quotient should take into account the connectivity constraint so that the isomorphic isolated modules will not be merged into one reduced subgraph in the quotient.
Specifically, assume that graph G contains pair-wise isomorphic and disconnected subgraphs G 1 , G 2 , …G m . Let H(G) be the set consisting of all those automorphisms that swap nodes between pair-wise and disconnected subgraphs, i.e. 
(G)=Aut(G)-H(G).
It's easy to show that in the restricted quotient all disconnected subgraphs in the original graph will not be merged and consequently the number of disconnected subgraphs will be preserved. We obtained the orbits in network through the restricted network quotient.
Given a graph G 0 consisting of two isomorphic subgraphs, as shown in Figure5(A) . Obviously, the automorphism group of G 0 can be decomposed into the wreath product (Rotman, 1999) of G in and G out , where G in is the triangle, shown in Figure 5(B) , and G out is the abstracted outer graph, as shown in Figure 5 (C). Note that in Aut(G), there are some automorphisms, such as g= (1, 4) (2, 5) (3, 6 ) that swap nodes in different isolated subgraphs( e.g. 1 and 4 are transformed to each other in spite of that these two vertices are in different isolated subgraphs). Under the action of such automorphisms, we finally can obtain one single orbit {1,2,3,4,5,6}for G 0 . Thus the quotient of G 0 is just a single node (shown in Figure 5(D) ), which contradicts to the fact that two isolated triangle structures often interpreted as two isolated functional modularity for biological networks. However based on the concept of restricted network quotient, the network G 0 can be reduced to a quotient network consisting of two isolated nodes (shown in Figure 5(E) ).
In the computation of symmetry of directed networks, we find that nauty program can not ensure the correctness for directed graphs. Hence, we first use nauty to get the automorphism partition of the underlying graph of the network and then refine the automorphism partition. Considering the direction and connectivity of metabolic networks, the algorithm to get the orbits is shown in Algorithm 1. Although theoretically we can not ensure that the resulting partition is equivalent to the automorphism partition under the restricted automorphism group, the resulting partition is practically close to the desired partition and is practically useful in the exploration of functional equivalence of nodes in the same orbits: 
Algorithm1: getOrbits (G)
Input
return P'
}
Analyze Orbit Similarity
In the above section, we have known that nodes in the same orbit group are structurally equivalent. It is well known that structural equivalence implies functional equivalence. Whether the structurally equivalent nodes in the network are more similar in function has still not been validated. In metabolic networks, nodes are compounds with specific structure which determines its function in reactions. If two compounds are structurally similar to each other, they will .
